Large scale projects tasked with designing infrastructures and urban networks resilient to disasters face a common challenge, i.e. the need to address concomitant technological issues and social problems. What is more, conflicting technologies and the diverse philosophical underpinnings of distinct academic disciplines pose difficulties in the collaboration among experts of different fields. These difficulties and possible ways to tackle them have been highlighted by a questionnaire developed in the framework of an EU project named ANDROID (Academic Network for Disaster Resilience to Optimize Educational Development). More specifically, the project investigated the level of interdisciplinary work in current research and educational projects within the field of disaster resilience. Findings illustrate the number and types of disciplines involved in disaster resilience projects and suggest that a higher degree of integration between different disciplines in tertiary education could promote a transdisciplinary approach to disaster resilience, resulting in design efficiency and innovation.
the co-existence of so many and different disciplines may impair progresses and innovation in the area of disaster resilience, which, despite an increasing attention and support from the authorities, has not yet achieved significant advances in the design practice For this reason, a survey has been implemented, aimed at identifying the major obstacles to interdisciplinary work and get some insights on the causes and possible solutions to the problems. The implementation of the survey has been conducted in the framework of the Academic Network for Disaster Resilience to Optimize Educational Development (ANDROID, 2011), a project funded by the Lifelong Learning Programme of the European Union and aimed at promoting co-operation and innovation among European Higher Education Institutions (HEIs) for increasing the resilience of urban communities to natural and man-made disasters. The implementation of the survey is presented in section 3, while the outcomes of the survey are discussed in section 4. Some final considerations on good practice in education and research are given in the conclusions.
DISASTER RESILIENCE

DEFINITION
Various propositions for the definition of the term resilience can be found in the literature (Bhamra, et al., 2011) pertaining to the different fields where this concept has been used, which space from engineering (Hollnagel, et al., 2006) , to economy (Hamel & Valikangas, 2003) and management (Sheffi, 2005) , ecology and sociology (Walker, et al., 2004) , and psychology (Bonanno, et al., 2007) .
Although mostly based on the concept of a good response to a critical event, they differentiate for focusing either on the capacity of a system to absorb the effects of a shock (Walker, et al., 2010) , or to recover promptly from it (Cutter, et al., 2008) , or to adapt to the new conditions (Norris, et al., 2008) . Some authors also mention the ability to anticipate and prevent the adversities (UNDP, 2013) as well as learning and be empowered by them (Cadell, et al., 2001) . However, these definitions are mostly qualitative and hardly quantitative. Furthermore, they suffer from an unclear identification of the system in terms of space, time, and stakeholders.
One of the first consistent and quantitative definitions of disaster resilience has been developed at the Multidisciplinary Center for Earthquake Engineering Research (MCEER) with respect to the built-environment. In the MCEER framework, resilience is defined as the ability of a system to mitigate hazards and consequences of hazards, in terms of loss of performances of the system and time needed for a full recovery of the initial performances (Bruneau, et al., 2003) . According to this definition, the resilience of a system can be quantitatively assessed by diagramming the variation of a relevant quality of the system over time.
This is schematically represented in the central part of Fig. 1 : at time t 0 an accidental event occurs and causes a drop in the original quality level of the system; then, the system undergoes reparation and is restored to the original quality level at time t R . The entity of quality loss ΔQ depends on the hazard, as well as on properties inherent to the system, such as: i) the ability to withstand the accidental event without being damaged; and ii) the ability to cope with local damages induced by the event by maintaining a sufficient level of functionality. In the MCEER resilience framework, the two system properties are referred to as robustness and redundancy, respectively. Being dependent on the initial area hit by the accident and to a possible spread of failures on adjacent areas and systems, these properties are related to the space factor of resilience (left side of Fig. 1 ).
It is worth noticing that the terms robustness and redundancy are not univocal and that, in general, disaster resilience properties suffers from a lack of consistent definitions in literature. For example, the term vulnerability is often used for indicating the immediate direct consequences of an accident on a system (Augusti, et al., 2001; JCSS, 2008) , while the term robustness is used by various authors with reference to the indirect consequences caused by a propagation of failures on adjacent systems (Faber, 2006; Starrosek, 2009; Biondini & Frangopol, 2008) The time factor of disaster resilience is accounted for by means of a recovery function and the time interval (t R -t 0 ) needed to achieve full restoration. Aspects related to time-factor are mostly affected by social, economic, and political aspects. In the MCEER resilience framework the properties of resourcefulness and rapidity are referred to these aspects: the property of resourcefulness is related to the ability of establishing priorities and mobilizing the necessary monetary, technological, and informational resources; the property of rapidity is intended as the capacity to meet the established goals in a timely manner.
Even though both space and time factor are considered in this framework, the consideration of the time factor is limited to the aftermath of the accident. A more general time framework for risk management (JCSS, 2008) identifies three different time situations, namely before, during, and after the hazard. Each situation refers to the optimization of investments in prevention, reduction, and recovery measures, respectively. Cimellaro, et al. (2010) . Permission from the authors has been obtained.
SOCIAL ASPECTS
Even if the definition of resilience given above focuses primarily on the technologic aspects, it is evident that the property of resourcefulness and rapidity as defined in the MCEER framework are strongly affected by the socioeconomic situations and by the human behaviour. In order to better address the role of community response in the assessment of disaster resilience, the same authors (Renschler, et al., 2010) have been working on the development of a new resilience framework that better includes aspects related to Population, Environment, Organized governmental services, Physical infrastructure, Lifestyle and community, Economic development, and Social-cultural capital (PEOPLES). Further research (Norris, et al., 2008) has also been addressed to introduce the effects of psychological distress on community individuals in the aftermath of disasters. A recurrent image of the logics of catastrophes envisages a total breakdown of the social structures, which opens up for violence and looting. However, research has demonstrated that this is not likely to occur (Auf der Heide, 2004; Quarantelli, 1994) and, quite contrary to flourishing stories, people do not become hostile or misanthropic but rather helpful and caring during and after disasters (Rasmussen, et al., 2013) . The resilience of communities is dependent on social interaction and collective action based on networks of relationships, reciprocity, trust, and social norms. There are many theoretical models, which address this concept (Adger, 2003; Paton & Johnston, 2006; Pendall, et al., 2007; Norris, et al., 2008; Mayunga, 2007) . Most models focus on the issues that reduce the vulnerability of communities, such as information and knowledge, supportive networks, shared community values, and the community's ability and willingness to adapt. Lesser research focuses on how to increase disaster resilience by strengthening community capabilities.
The issue of increasing societal resilience, although being associated with different factors (Choularton, 2001; De Bruijn & van der Voort, 2007) , is greatly related to the ability of learning from previous disasters (Featherstone, 2014; Pelling, 2007; Rasmussen, et al., 2013) . The concrete utility of learning is that it improves the recovery from disrupting events (Chamlee-Wright, 2010) and makes people and organizations better prepared, so the responses are to the point of departure in the next disaster. However, not only is the immediate learning important, but also long-term learning from inscriptions in local cultures play a central role, as memories from disasters may keep the experiences and knowledge alive over generations (Ullberg, 2013) .
INTERDISCIPLINARY CHARACTER
From the MCEER definition of resilience and the additional social aspects discussed above, it is evident that the disciplines that need to be integrated in a resilience assessment are various and quite different.
In order to exemplify the interdisciplinary character of resilience, reference can be made to the response of the acute medical care facility system to an earthquake reported in Cimellaro, et al. (2010) and exemplified in Fig.  1 . The performance drop of the care facility could be assessed, for example, by measuring the number of casualties due to inadequate health care capacity. From a design decision making perspective, the performance loss could be reduced by enhancing the resistance of hospitals to structural damages (robustness of the system, as defined in the MCEER framework), but also by increasing the number of hospitals or improving the capacity of redirecting patients from one hospital to another, so that the consequence of the shut-down of one hospital will be minimized (redundancy of the system, as defined in the MCEER framework).
The professional skills required to carry out such mitigation measures would be: i) structural engineers, architects, and interior designers for mitigating the physical damages to structure and facilities; ii) geotechnical engineers, hydraulic engineers, and electric engineers for ensuring the functionality of the lifelines that serve the hospitals iii) administrative and medical staff for handling the management of hospital facilities during the emergency; iv) paramedics, emergency services and civil defence for directing and coordinating rescue operation and optimal distribution of patients among the operative hospitals; v) urban planners, transport engineers, and network modellers for improving the existing transport infrastructures as well as ensuring a timely rescue of injured persons and their fast delivery to the health care facilities; vi) system engineers, computer scientists, and communication employees, for managing the information flow in an effective manner.
The restoration time will be instead determined by the time needed by: i) politicians, to allocate funds for the retrofitting of the hospital facilities and the infrastructures serving them; ii) construction industry, to carry out the structural repairs; iii) administration and medical staff in the hospital, to restore the medical activities and organize the repair operation in the premises; iv) local authorities, to direct and manage the restoration of the infrastructure in an effective and timely manner.
Even for a relatively small system such the one considered in this example, the number and distance of the fields involved in the assessment and design of the resilience of the system is extremely large. The identification of the main problems to face during such broad interdisciplinary working and the development of good practices aiming at solving them are therefore aspects of outmost importance within the framework of resilient design.
DEFINITION OF INTERDISCIPLINARY WORK
The term "interdisciplinary" has been used above with the general meaning of the property of relating to more than one branch of knowledge. Branch of knowledge is the definition given to the term discipline by most dictionaries. However, the etymology of the term discipline (from Latin "discipulus", student) suggests a close relation with education and the concept of disseminating that knowledge. A discipline is, ultimately, a set of theories and methods organized according to criteria that facilitates the teaching and learning process. The focus moves therefore from the solution of a problem, which is what supposedly triggers the learning process, to the transmission of knowledge (Russo Agrusti, 1992) .
Even if the categorization of knowledge into disciplines is very ancient, the sectorial approach to learning is a quite recent characteristic of our higher-education system, probably induced by the industry request of always higher level of specialization to keep up with the technological advancements of the last century. In the cathedral schools (educational institutions active in Europe since the early middle-age and precursors of modern universities) the teaching covered all 7 liberal arts in which the knowledge was organized at the time, i.e.: grammar, rhetoric, and logic (called "trivium"), plus arithmetic, geometry, music, and astronomy (called "quadrivium").
This multidisciplinary structure of education is similar to that one of primary and secondary schools at present times. Nevertheless, teaching different disciplines does not ensure that interconnections between the disciplines are highlighted or that students can benefit of an integration of different areas of knowledge, which the term interdisciplinary suggests instead. In order to clarify the meaning of the term and the different relations between disciplines in research and education, a brief taxonomy is presented below, according to the definitions first indicated by OECD in 1972 (OECD, 1972 and more recently expanded and developed by several authors (Klein, 1996; Nicolescu, 2002; Jacobs & Frickel, 2009; Chettiparamb, 2007) : -Cross-disciplinary: term indicating the presence of a certain aspect or method in different disciplines. DeZure (1999) gives as example of this a reference to expressionism in literature during an art class on expressionism. -Multidisciplinary: term indicating the juxtaposition of various disciplines, sometimes with no apparent connection between them. An example is represented by a school program that foreseen education in music, mathematics, history.
-Pluridisciplinary: term indicating the juxtaposition of various disciplines with a certain degree of relation in the topic or in the scope. For example, the above mentioned arts of quadrivium were meant to give a representation of the discrete and continuous at rest and in motion. -Interdisciplinary: term indicating an interaction among two or more different disciplines and an exchange of information or methods between the two, often with the aim of solving a common complex problem. An example of this can be the collaboration between a structural engineer and a fireman for developing a course on fire safety design of buildings. -Transdisciplinary: term indicating the integration of methods and concepts of two or more disciplines into a common shared language and system of axioms, with the aim of developing a broader understanding and a holistic approach to problem solving (Nicolescu, 2002) . E.g. Piaget (1970) unified the knowledge beyond the disciplines of cognitive development and epistemology, now called genetic epistemology. The definitions given above are qualitative definitions, where the grade of the intended interactions between disciplines may slightly vary depending on the context and the different authors. For example, cross-disciplinary is often used as an unspecific term indicating any kind of relations between disciplines, while pluridisciplinary is sometimes used as synonym of multidisciplinary. Jacobs and Frickel (2009) interpret the term interdisciplinary in a broader sense than Nicolescu (2002) , while Dezure (1999) points out that the "term interdisciplinary is used variably as a concept, a methodology, a process, a way of knowing, and even a philosophy". Nevertheless, there is a central difference between multi-, inter-, and transdisciplinary, which is effectively explained by Choi and Pak ( 2006) by means of three adjectives, respectively: additive, interactive, and holistic.
A multidisciplinary approach can be sufficient for a problem that can be decomposed in a sequence of simpler problems solved by means of expertise in one discipline at a time. An example is a thermo-mechanic problem that can be decoupled in a thermal problem (e.g. the analysis of temperature of a beam exposed to a heat source) and in a subsequent mechanical problem (e.g. the calculation of the thermal expansion of the beam given by the temperature variation). If the problem cannot be decoupled (e.g. if the beam, expanding, gets closer to the heat source, so that not only the displacements depends on the temperatures, but also the temperatures depends on the displacements), an interaction between the two areas of knowledge is required, in order to develop a new procedure based on the theoretical tools of both thermodynamics and continuous mechanics for solving the uncoupled problem.
The close collaboration and interaction between experts of different disciplines is often sufficient for solving most specific problems and an interdisciplinary approach to problem-solving is therefore the focus of this study. However, there are cases where a broader perspective of the problem and innovative solutions can only be reached by availing a more holistic approach to learning that overcome the discipline boundaries. In the previous example a method is developed by interaction between two areas of knowledge, but the boundaries of the two single disciplines are not overcome. A more holistic approach to the problem would question the usual design procedure, where the beam is optimized for mechanical loads and then verified in presence of a heat source (such as e.g. a fire), and seek for a different design procedure capable of accounting both aspects in the design optimization. This could lead to a new and quite different shape of the constructive elements and, ultimately, to a novel construction technology. It should be pointed out, that a pure holistic approach to problems that encompass several and very different disciplines may be very difficult and, in some cases, hinder the simplification of the problem into smaller and more understandable problems, which could have been instead obtained by following a reductionist approach.
SURVEY
In order to highlight the type and number of disciplines needed in disaster-resilience projects and their level of interaction, a survey has been undertaken by collecting information from all types of research and educational projects related to disaster resilience. Particular focus was given to the identification of problems in the interdisciplinary work, with the aim of getting insights on possible short-and long-term solutions for improving the development of disaster resilience projects and favour advances and innovation in the field.
The survey has been carried out by means of an online questionnaire, which has been distributed through the ANDROID Network. The choice of an online questionnaire has been favoured over other type of survey methods, for a twofold reason: from the point of view of the research, survey methods such as oral interviews and e-mail correspondence would have made more difficult to gather and analyse the data in an aggregated form, so that they could be analysed and presented in a statistical way, as well as archived in the online repository developed in the framework of the ANDROID project; from the perspective of the targeted respondents, who were all expected to be accustomed to work with computers and the internet, answering an online questionnaire was deemed the least time-consuming method. The main drawback of online questionnaires is the limited availability to ask follow-up questions and gathering any additional information from the respondents. In order to address this drawback, the questionnaire included open-ended questions as a final item throughout the survey.
The questionnaire foresaw 24 different questions, conceptually divided in 4 main parts: i) an introductory part with 7 questions gathering general information on the project (name, leading institute, country, etc.); ii) a core part with 10 questions on the content and characteristics of the projects (topics, purpose, etc.); iii) a follow-up part with 2 questions focused on challenges of interdisciplinary work carried out during the project; iv) and a conclusive part with 8 questions aimed at indexing the project and the publications and reports the project produced.
The questions of the second and third part of the questionnaire are most relevant for the aim of this paper and are therefore presented and discussed in the next section. However, the complete list of the questions is reported as appendix of one of the ANDROID report (Faber, et al., 2014) , which can be freely downloaded from the Open Educational Research Platform of the ANDROD project (www.disaster-resilience.net/index.php/component/oer/).
The questionnaire was online for ca. 6 months and gathered 57 answers from 55 different respondents (it was possible for a respondent to participate more than once to the questionnaire with different projects). Since this number represents only a sample of the total number of European projects on disaster resilience, some statistical considerations on the survey outcomes were necessary for extrapolating more general conclusions on the interdisciplinary working in resilience related projects.
The term interdisciplinary as it is applied in the questionnaire has been used in its broader sense, in order to gather information on every type of collaboration and communication across different area of knowledge. However, the taxonomy presented in paragraph 2.4 has been kept in mind for the discussion of the result, where the effective level of interdisciplinary work in the projects described by the respondents to the questionnaire was investigated.
OUTCOMES OF THE QUESTIONNAIRE
The outcomes of the questionnaire are presented here with particular reference to the most relevant aspects of the core and follow-up parts of the questionnaire and specifically on the questions related to: i) type of hazards treated in the projects; ii) categories of people and disciplines involved in the projects; iii) barriers encountered in interdisciplinary work and the actions taken to overcome them.
NATURAL AND MAN-MADE HAZARDS
One of the central aspects of disaster resilience design concerns the selection of the hazards most relevant to study. This information also provides an indirect indication of the areas of knowledge and competence required to carry out the project. In particular, two distinct questions have been foreseen in the questionnaire, in order to identify the type of natural hazards (referred to as hazards in the physical environment in the questionnaire) and man-made hazards (referred to as hazards of human origin in the questionnaire) considered in current projects on disaster resilience. Since a single project can deal with several hazards, the respondents were allowed to select multiple answers to each of the two questions, among a set of pre-defined hazards indicated in the questionnaire. In case the hazard considered was not ascribable to any of the pre-defined categories, the answer "other" could be chosen and the hazard could be specified in a dedicated text box.
The following pre-defined categories for natural hazards were given: floods, wind storm (e.g. hurricane, tropical, snow, sand), heat wave, cold wave, earthquake, tsunami, volcano eruption, wild fire, and contamination (intended as contamination due to natural causes, such as e.g. mercury contamination from geothermal areas and similar). As man-made hazards, the following broad types of hazards were distinguished: confrontation (e.g. conflict, war), financial crisis, malevolence (e.g. terrorism, cybercrime), health (e.g. pandemics), infrastructure breakdown, political riots, technological hazards (e.g. leakage of toxic substances).
The distinction between natural and man-made hazard as presented in the questionnaire is quite simplistic and has been adopted with the main purpose of better clarifying the pre-defined categories of hazards provided in the questionnaire. Nevertheless, the authors recognize that many natural and climatic hazards in the last century are an indirect consequence of the human activity (Beck, 1992 ) and a consistent, non-overlapping definition of natural and man-made hazards is hardly possible (Giddens, 1990) . This problem has been highlighted also by the answers of some respondents, which indicated sea level rise and climate changes in the field "other" of both type of hazards, being natural hazards that are induced by the human activity.
For this reason, the answers to both questions are presented in an aggregated form in Fig. 2a , where also some additional categories were included from the hazards indicated by several respondents in the field "other" (specifically: drought, erosion, extreme precipitations, landslides, and sea level rise).
The most frequent natural disasters (highlighted with a blue shade in the in the histogram of Fig. 2a ) are floods, which have been reported in 34 of the 57 projects. The predominance of this hazard relate well with the indication given by a survey of the European Environmental Agency (EEA, 2010) that indicate floods as the most costly disasters in Europe. The same report indicates that heat waves are responsible of the highest number of casualties. Nevertheless, the results of the questionnaires ranked heat waves only as fifth most studied natural hazards, after (floods, earthquakes, wind storms, and tsunami) and seventh most studied disaster if man-made hazards are also included in the ranking. It is also interesting to notice that few respondents indicated climate change hazards in the field "other". Such a hazard has not been considered as a separate category in the presentation of the results, as it is a very broad phenomenon that includes several of the different hazards considered in the questionnaire. However, if the major hazards related to climate changes (such as coastal erosion, drought, extreme precipitations, heat and cold waves, and sea level rise) are merged into one broad category, the hazard of climate change related events results to be the most studied, being present in 36 of the 57 projects.
Among man-made hazards (highlighted with a red shade in the histogram of Fig. 2a ), the most frequent studied disaster reported by the respondents was infrastructural breakdowns, which appeared in 26 of the 57 projects, closely followed by technological hazards, reported instead in 21 of the 57 projects. The two hazards ranked respectively thirds and fifth among all natural and man-made hazards.
While only three projects did not indicate any natural hazards, man-made hazards were not considered in 19 of the 57 projects. This seems to indicate a predominance of natural hazards with respect to man-made hazards, which is observable in Fig. 2b , where the percentages of 95% to 64% refer to the number of projects where natural and man-made hazards were considered, with respect to the total number of projects participating in the questionnaire. 
CATEGORIES AND DISCIPLINES
Respondents were asked to indicate the different groups involved in the project by choosing from the following categories: academics, citizens, decision makers, stakeholders, opinion groups, volunteers, private enterprises, and others. The outcomes to this question are reported in Fig. 3a and give an insight on the expertise and roles required in disaster resilience projects. By observing the figure, it is seen that academics are by far the professional figures most involved in the projects. However, this datum could be biased by the fact that the questionnaire was distributed through the ANDROID network, which is mainly composed by academics. The results should therefore be regarded more as indicative of a significant numbers of different professions involved in resilience-related projects, as suggested by the fact that all categories were indicated by at least 10 respondents. Fig. 4a shows instead the results related to the different areas of expertise of the people involved in the projects. In an attempt of cover all possible areas of expertise, 24 different disciplines have been indicated as possible answers to the question, according to the classification of disciplines proposed by the Simple Knowledge Organization System of UNESCO (SKOS, 2009), to which the field "other" was added, in order to include other possible disciplines that the respondents could not identify in the given categories. The SKOS nomenclature has been preferred over other classification systems available in literature (Kumbhar, 2012) because it is a Semantic Web standard (W3C) recommendation (Backer, et al., 2013) and therefore most suitable to support the data sharing envisaged by the inclusion of the survey results in the online repository of ANDROID and to allow potential future expansions of the study.
The analysis of the answers (Fig. 4a) shows that Technological Science (referred as technology in the figure), Geography, Earth and Space Science (abbreviated as Earth & Space), and Sociology are the most required area of expertise in resilience-related projects. Furthermore, all disciplines indicated according to the SKOS classification are represented in at least one project, with the sole exception of astrophysics. In addition to the pre-defined categories, additional areas of expertise were indicated in the field "other" by 18 respondents and included geology, urban planning, risk management, disaster management, climate science, architecture and civil engineering, and others. Nevertheless, all disciplines additionally specified in the field "other" seemed to refer to one or more of the SKOS categories indicated in the questionnaire: e.g. climate science is a part of earth and space science; likewise, urban planning, architecture, and civil engineering are part of Technology; while risk and disaster management encompasses several disciplines, such as Technology, Economical Science (referred to as Economics in the following), and Earth & Space. In some cases, the associated disciplines had already been indicated by the respondent and should therefore be interpreted as an attempt of giving a more detailed specification of the topics treated within the indicated disciplines than as an indication of a distinct discipline. In other cases, the respondent failed to identify the appropriate branch, as intended by the SKOS system. If the disciplines indicated in the field other are redistributed into the appropriate categories (when not already indicated), the distribution of the disciplines in the projects looks as shown in Fig. 4b . Even if the most frequent discipline remains Technology, the second and third disciplines, namely Geography and Earth & Space, have here an inverted position. The same inversion can be observed between Life Science and Economics, which occupied the fifth and sixth position.
Even though the total number of answers (288) was, as expected, significantly higher that the number of predefined categories, a bias in the representativeness of the results could be argued, as a consequence of a nonhomogenous broadness of the disciplines classified according to the SKOS system. For example, a disciplines like Technological Science encompasses several branches of the human knowledge, such as all different type of engineering (structural, environmental, transport, mechanical, chemical, etc.) as well as computer science, architecture, and urban planning; on the contrary, disciplines such as Logic, Astrophysics, and Linguistics are commonly considered as branches of other disciplines (namely, mathematics, physics, and letters, respectively). Being pertinent to a more limited area of knowledge, the latter disciplines could have an intrinsic lower probability of occurrence in the projects than other disciplines such as technology or earth and space.
For this reason, an attempt has been made to group together disciplines that require a similar background or pertains to the same area of knowledge, in order to have fewer more homogenous categories. The faculties or study program of several universities has been considered as basis for the grouping of the disciplines and the following alternative categorization of the disciplines has been defined: -the disciplines of mathematics, logic, physics, astrophysics, and chemistry, have been grouped together in a category named classical sciences, following a classification that has been used in the past by most academic faculties; -similarly, the disciplines of art and letters, linguistic, history, philosophy, and ethics, have been grouped into one broader category and referred to as humanities, term still used in most universities and high educational institutes to indicate these disciplines; -the disciplines of sociology, demography and anthropology have been included in a broader category that refers to the study of primitive and modern societies; -the disciplines of political science and juridical science, having similar background and end-markets, have been merged in one single category; -the discipline of life science and agricultural science have also been merged in one category for similar reasons; -the same has been done for the disciplines of psychology and pedagogy; -all other disciplines not mentioned here has been left unchanged as single categories.
The results obtained rearranging the answers according to this alternative classification are reported in Fig.  3b and show a slight predominance of the social disciplines (namely Sociology, Demography, and Anthropology) over the technological disciplines. The results discussed above are related to the frequency of each discipline or area of knowledge in disaster resilience projects and can give an indication of the most relevant area of expertise required to tackle such problems. However, if the level of interdisciplinary work required in such projects is of interest, attention should be also paid to the number of different disciplines involved in the same the project. This can be observed in Fig. 5a , where the most frequent value (mode) of disciplines involved in one single project (5) is also reported. The data reported here and below refer to the categorizations of disciplines according to SKOS, where the answers indicated in the field "other" has been redistributed into the appropriate categories (cf. Fig. 4b ). Fig. 5b shows instead the cumulative frequency of the number of disciplines in each project. By looking at the figure, the following data can be observed: i) a minimum of 5 different disciplines has been reported in 29 projects out of 57; ii) the maximum number of disciplines in a project corresponds to 16 and has been reported by one project only; iii) the minimum number of disciplines, i.e. 1, has been reported by three projects, meaning that no interdisciplinary work was in facts present in 3 out of 57 projects. The information provided above gives an overview of the level of interdisciplinary work present in the various projects, disregarding in this graphic the type and distance of the areas of knowledge interacting with one another. In order to appreciate this aspect, an incidence matrix is shown in Fig. 6 , where the number of concomitant occurrence of two disciplines (indicated in the labels of the respective row and column of the cell) can be observed outside the diagonal. By looking at the darker cells, which highlight the highest concomitant occurrences between two disciplines, the following can be observed: -Earth and Space and Geography have the highest level of concomitant occurrence, being present simultaneously in 23 out of 57 projects.
-Geography seems also to have a close relationship with Sociology (18 simultaneous occurrences), Technology (17), Life Science, and Political Science (15). -Other tight interconnections between disciplines can be observed between Technology and Earth and Space (18 simultaneous occurrence), Economy (16), and Sociology (15). These data provide useful information on the level of interrelation between disciplines and help identifying the most important area of knowledge needed for resilience-based design. Fig. 6 . Incidence matrix of the different disciplines: higher numbers (darker shading) outside the diagonal indicate a higher occurrence of the two disciplines (row and column) in the same project.
BARRIERS TO INTERDISCIPLINARY WORK
Two different questions have been asked on the barriers encountered in interdisciplinary work: a first multiplechoice question, where the respondents should select one or more barriers among those indicated; and an additional, non-mandatory question on the actions undertaken to overcome the barriers encountered, where the respondents could answer freely, by writing a short comment in a textbox. A first analysis of the results shows that, while problems related to interdisciplinary work have been reported in more than 90% of the projects, countermeasures were taken in less than three quarter of the projects. This could either indicate a limited understanding of the core of the problem, or an intrinsic difficulty in finding solutions for the problem. The two histograms shown in Fig. 7 provide more information in this respect.
The histogram in Fig. 7a shows that the main barrier to interdisciplinary work is the presence of different conceptual frameworks, issue that has been reported in more than half of the projects. Different methodologies and conflicting terminologies closely follow in term of frequency of occurrence in the projects. Lack of resources, different work practice, and communication barriers were indicated in ca. one third of the projects. Administrative obstacles and access to people are less common problems, even if present in ca. one sixth of the projects. Very few projects indicated instead the problem of contrasting techniques as barrier encountered during the interdisciplinary work. This may seem strange, considering the relevance of other barriers such as different methodologies and practices. Nevertheless, even if related, the three terms "methodologies", "practices", and "techniques" have different acceptations, in that they highlight a more theoretical, or experimental/pragmatic, or applicative approach, respectively. For this reason they have been presented as separate categories in the questionnaire and the higher frequency of different methodologies and practices over contrasting technique has been interpreted as an indication of differences in the approach to problem-solving that are of more scientific rather than just technical nature. Few additional barriers were also specified in the field "other", such as: conflicting objectives, lack of interest in interdisciplinary work, limited access to data, limited time.
The answers to the second questions were organized utilizing a few common countermeasures that were identified by reading the comments indicated by most respondents. The results of this analysis, which is however subjected to interpretation, are shown in Fig. 7b . The histograms reports the absolute frequency of the categories ordered according a criterion of similarities between the main aims of the countermeasures. By looking at the figure, it can be observed that, in the vast majority of the projects, problems in interdisciplinary work have been overcome by means of meeting and discussion among the project participants. This result seems consistent with the outcomes of the first question, where the high number of projects reporting problems related to differences in the framework, methods and terminology could suggest a general problem of understanding among different disciplines. Other countermeasures that seem oriented to favour a better understanding among experts of different areas are the definition of a new terminology and personal study aimed at expanding individual knowledge in other areas. If these answers are grouped together, measures aimed at solving problems related to lack of understanding were undertaken in 61% of the project. Similarly, other macro-categories can be defined by grouping countermeasures that seem aimed at the same purpose. Specifically, measures aimed at overcoming budget problems and at promoting the results of the projects were undertaken by 19% and 16% of the projects, respectively, while measures aimed at solving problems related to lack of data were reported by 4% of the project. Fig. 7 . Barriers in disaster resilience projects in descent order of frequency (a) and actions undertaken to solve them (b), organized in macro-categories aimed at solving problems of: understanding (60%); promotion (26%); budget (19%); lack of data (4%).
CONCLUSION
The survey described in this paper represents one of the first attempts to collect data on the state of art and practice on interdisciplinary work on resilience to natural and man-made disaster. The review of the answers to the questionnaire has highlighted the following main aspects of disaster resilience projects: -Natural hazards seem to be more studied than man made hazard in current disaster resilience projects. This relates well with the fact that natural hazard are more frequent than man-made hazard and have typically a higher number of casualties. Nevertheless, it seems important to recall that, contrarily to most natural hazards, technological accidents may have strong repercussion on the environment. -Floods and extreme temperature hazards are the most investigated natural accidents in disaster resilience projects. This relates quite well with the information provided by the European Environmental Agency, which classifies floods and extreme temperature events as the accidents that had the most severe consequences in term of costs and casualty, respectively, in a given period of reference. -Climate change events, despite not being highly represented as such in disaster resilience projects, are classified as both natural and man-made disasters, thus representing a link between the two hazard typologies. -Technology, earth and space, geography, and sociology are the most frequent disciplines appearing in the projects. This highlights the importance of both technological and social aspects in disaster resilience design. -Despite the important role played by regulations and policy on the prevention of disasters and the recovery of the society in the aftermath of a disaster, juridical disciplines are poorly represented in current projects on disaster resilience. -Projects on disaster resilience normally include several different disciplines (5 as an average). The number of disciplines can be also much higher, while very few projects did not show any level of interdisciplinary work. -A close interconnection was highlighted between disciplines that appeared often together in projects on disaster resilience. The most frequent associations are those of Geography with Earth and Space and Geography with Sociology. This indicates s that Geography, covering technical as well as social and political aspects, may work as a bridge discipline between technical and social disciplines. -The lack of a common framework and terminology represents a major barrier to interdisciplinary work. From the last results, an evaluation of the nature of the interdisciplinary work in current project can be argued. The associations found between several disciplines indicate that information and methods pertaining to different disciplines are exchanged in most problems. However, the barriers to the interdisciplinary work highlighted by most respondents indicate that a full integration of associated disciplines into a common shared language and system of axioms, i.e. a transdisciplinary approach, according to the taxonomy presented in par. 2.4, is missing.
In order to achieve a higher level of integration between disciplines, a better understanding between experts of different disciplines seems essential. In current projects, the problem seems to be addressed mostly by increasing the number of meetings and discussions between experts of different disciplines. This is a short-term solution that, despite being very time consuming, can improve the level of understanding between the project partners. However, the efficacy of this solution is limited to one specific project and will not favour a better understanding in future projects, where different partners may be involved. In order to overcome this problem in a more effective way, a consistent organization of terms and knowledge related to disaster resilience should be achieved. This aim can only be established within educational institutes, because research papers and other dissemination means rarely address a very broad public in different fields.
The establishment of such education would favour the development of resilience-based design as a discipline with its own framework of knowledge and terminology and enhance the design approach from an interdisciplinary level to a transdisciplinary one. For this aim to be achieved, efforts on development of new courses and establishment of new education lines are required from universities and HEIs. In this respect, the incidence matrix reported in Fig. 6 may represent a useful tool for selecting the most important area of knowledge that should be included in such educational programs.
